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Introduction

45
The genus Listeria includes more than 20 species that can be divided into three clades 46 (Weller et al. 2015) . Two Listeria species belonging to the same clade are generally considered to be pathogenic, L. monocytogenes in humans and L. ivanovii in other mammals. Nevertheless, there
From each primary study the number of samples positive for L. monocytogenes and the ( ) 133 total number of samples were extracted. Information about year of survey, country, sample ( ) weight and information on sampling at production site or at retail were also collected from each 135 primary study. Meta-analysis for prevalence of L. monocytogenes in cheese as reported in the 136 scientific literature was based on 17 primary studies including a total of 7,221 samples (Table 2) , 137 while data from seven EFSA reports with a total of 123,383 samples were included (Table 3 and 138 Table 4 ). The regression model used to evaluate indicator/index organisms for L. monocytogenes in 139 European cheeses was based in 16 primary studies all from the scientific literature and including a 140 total of 3,852 samples (Table 5 ). data was studied as observed effect size and they were logit
transformed in order to restrict values to a range between 0-1 and to stabilize variance (Eq. 1; 144 Viechtbauer, 2010). The parameter measuring effect size is a common metric that permits ( ) 145 direct comparison and summation of primary studies (Borestein et al., 2009 ).
146
(1) = = ( 1 -) = ( -) 147 Models with random-effects were used to calculate prevalence values (mean and 95% CI) of L. 148 monocytogenes across primary studies (Eq. 2; Borestein et al., 2009) : 149 (2) = + = + + 150 where is the true effect size for each primary study ( = 1, 2, … , is the sampling error and is ) 151 the mean true effect size. represents the true variation in effect sizes being compose of within-152 study ( ) and between-study variance ( ). The between-study variance ( is estimated from the Q-statistic (DerSimonian & Laird 1986),
where Q is calculated by Eq. 4 and 5, is the number of studies and the weight assigned to each 156 study (Eq.5).
157
(4)
A significant value of the Q-statistic indicates a real effect difference between primary 161 studies and suggests the use of a multilevel model (Xabier et al., 2014) . The index was used to 2 162 measure the extent of between-study variance dividing the difference between the result of the -163 statistic and its degrees of freedom by the value itself, and then multiply by 100. Higgins ( -1) 164 & Thompson (2002) Multilevel meta-analysis including type of cheese and pasteurized or unpasteurized milk 169 were used to account for some of the observed between-study variance in prevalence data.
170
The multilevel models used were formulated as:
171
(7) = 0 + 1 1 + ⋯ + + + with being study characteristics and the moderator effects. ( 1 )
the "metafor" package (Viechtbauer, 2010) , which provides functions for fitting of random-effects 175 and multilevel models as well as meta-analytical graphs including forest plots. The overall prevalence for presence of L. monocytogenes in cheese was 2.3% (CI: 1.4-184 3.8%). Variability in reported prevalence among studies was high (Table 6 and Fig.1 ) and the 185 between-study variance slightly decrease from τ 2 = 1.72 to 1.12 when cheeses were grouped in 186 categories by the multilevel model. Nevertheless, unexplained variability remained high (I 2 = 75%; 187 p-value < 0.001 in Table 6 ).
188
Fresh cheese had the lowest mean prevalence of 0.8% (CI: 0.3-1.9%), followed by ripened 189 cheese 2.0% (CI: 0.8-4.9%), veined cheese 2.4% (CI: 0.9-6.3%) and smear cheese 5.1% (CI: 1.9-190 13.1%). Brined cheese had the highest L. monocytogenes prevalence of 11.8% (CI: 3.5-33.3%)
191
( Table 6 and Fig. 1 ).
192
Meta-analysis of prevalence data from EFSA reports
The overall prevalence for presence of L. monocytogenes in cheese was 0.7% (CI: 0.5 -194 1.1%) with high between-studies variance ( Table 7) (Table 7) .
198
A second random-effects meta-analysis was performed to assess non-compliance with the 199 criterion of 100 cfu/g for L. monocytogenes in ready-to-eat (RTE) foods. 0.2% (CI: 0.1-0.4) of the 200 cheese samples had more than 100 L. monocytogenes/g and high between-study variance was 201 observed ( Table 8 ). Prevalence of L. monocytogenes in hard and soft/semi-soft cheese produced 202 with un-pasteurized or pasteurized milk was estimated. Pasteurization of milk had no significant 203 effect (p > 0.05) within hard or soft/semi-soft cheeses (Table 8) . The overall prevalence of L. monocytogenes in European cheeses was 1.2% (CI: 0.8-1.8%).
206
High between-study variance was observed and a significant difference (p < 0.001) was determined 207 between data from the scientific literature and from EFSA reports data (Table 9) . 
Discussion
It is critical to understand and quantified prevalence of L. monocytogenes in cheeses since 216 they are an important vehicle for transmission of the pathogen and infection causes the highest 217 fatality case rate among zoonotic diseases (EFSA, 2016) .
218
EU mean prevalence of L. monocytogenes in cheese from scientific literature exceeded what 219 was reported by EFSA for the same period. This may result from a focus on problematic cheese 220 products in scientific studies whereas EFSA reports include a larger number of samples from hard 221 cheeses where L. monocytogenes can be inactivated and prevalence therefore is lower. The data 222 from scientific studies corresponded to previous studies reporting prevalence between 0 and 4.8%
223
( Esho et al., 2013; Manfreda et al., 2005; Rosengren et al., 2010) , but some other studies reported 224 more than 40% prevalence (Loncarevic et al., 1995; Pintado et al., 2005) .
225
Mean prevalence of L. monocytogenes in fresh cheese was similar to the overall prevalence 226 obtained from EFSA data. In 1985 consumption of contaminated fresh cheese (queso blanco) was 227 directly linked to more than 142 cases of listeriosis, including 48 deaths (Linnan et al., 1988) . From It is important to note that mean prevalence for brined cheese was estimated from only four 241 studies with smaller sample sizes compare with other types of cheese. Consequently, there is a high 242 level of uncertainty and results may be biased by results from a single study ( Fig. 1 ; Table 6 ). In 243 2012, Ricotta salata imported from Italy and contaminated with L. monocytogenes was involved in a 244 listeriosis outbreak in the USA with 22 hospitalizations and 4 deaths (CDC, 2012) . Furthermore, 245 ricotta salata supports growth of L. monocytogenes (Coroneo et al., 2016; Spanu et al., 2012) and 246 production of this cheese includes manual processing of the curd and exposure to processing 247 environments that increase the risk of L. monocytogenes contamination (Spanu et al., 2013) . Our 248 findings suggest that prevalence of L. monocytogenes in fresh and brined cheese are not negligible; 249 therefore we encourage EFSA to increase and independently report sampling of fresh and brined 250 cheeses since they have been related with listeriosis outbreaks recurrently (Table 1) .
251
As shown by EFSA reports, contamination of cheese by L. monocytogenes is not specific to 
